The Gulf of Gemlik, located in the southeast of the Sea of Marmara, is facing a pollution threat due to intense of industrial facilities and urbanization with population growth. This study determined the living ostracod species in the Gulf of Gemlik and investigated their interactions with ecological parameters during a four-season period (August 2011, ). Twenty-five ostracod species belonging to eight families were identified between at depths 1-96 m. The most abundant ostracod species in the gulf was Loxoconcha rhomboidea, Xestoleberis communis, Xestoleberis aurantia, and Aurila convexa. Positive correlations were observed between the individual numbers with dissolved oxygen, temperature, pH, and species numbers, according to Spearman correlations. Negative relationships were observed between individual numbers/depth and individual numbers/salinity.
Introduction
The Gulf of Gemlik is an inlet of the Sea of Marmara in the Marmara region of Turkey. The gulf is located in the southeastern part of the Sea of Marmara. The presence of Turkey's fourth largest free-trade zone in Gemlik has caused a rapid development of the province, with both a population-density increase and industrial facilities on the coasts of the Gulf of Gemlik. The Sea of Marmara is an inner sea located between the Black Sea and the Aegean Sea, connecting to the Aegean Sea via the Dardanelles strait and to the Black sea via the Bosphorus strait [1] . The Sea of Marmara features The oceanographic characteristics of the coastlines of the Gulf of Gemlik are similar to the Sea of Marmara, and the water column has a two-layer structure. The surface water (brackish Black Sea water) of the Sea of Marmara has a salinity of 17.6‰ and flows through the Bosporus to the Sea of Marmara. The waters of the Mediterranean originate with a salinity of about 38‰ and flow through the Dardanelles to the Sea of Marmara in a lower layer. According to the density differences between the two water layers, there is an intermediate (halocline zone) salinity mass 25 m deep [12] .
Sampling Procedure
A total of 13 stations, ranging in depths from 1 to 96 m, were sampled during the study period (August 2011, November 2011, February 2012, May 2012) (see Table 1 ).
A 0.1 m 2 Van Veen grab sampler was used to perform vertical cross-section sampling for each station at depths of 1 to 96 m. Only 200 g of all collected sediment by the Van Veen grab sampler was fixed in 70% ethanol in situ. The material was kept in polyethylene jars (250 ml bottles). The samples were brought to the laboratory, where the sediment was washed with pressurized tap water and separated into four grain-size fractions using standardized sieves (1.5, 0.5, 0.25, and 0.125 mm mesh size). Ostracods were sorted under a stereomicroscope and fixed again in 70% alcohol. Subsequently, specimens were preserved in 70% ethanol), and the retained material transferred to a Petri dish. Ostracod specimens were picked out of the sediment under a stereozoom microscope, and the soft body parts were dissected in lactophenol solution for taxonomic identification. The number of adult individuals belonging to each identified ostracod species was counted under a stereomicroscope. (The juvenile stages of each ostracod species were also observed at all sampling sites.) The ostracods were handpicked and identified using the keys developed by Mordukhai & Boltovskoi [13] , Schornikov [14] , Barbeito-Gonzales [15] , Bonaduce et al. [16] , Breman [17] , Stambolidis [18] , and Athersuch et al. [19] . The current taxonomy and classification of ostracod species were checked using the:WoRMS [20] .
Analytical Procedure
The seawater samples were collected using a 3L Ruttner water sampler with marked rope at 5 m intervals at depths of 1-96 m for the physicochemical analyses of the seawater. The temperature (°C) of the sampling-depth water was measured by means of a thermometer fixed to the Ruttner water sampler, the Winkler method was used to measure dissolved oxygen (DO) (mg/L), and the Mohr-Knudsen method for the salinity (‰). YSI 556 MPS multi-parameter probes (Ohio, USA) connected to a YSI datalogger device were used to measure the pH values of the seawater.
Statistical Analyses
Jaccard's coefficient test of unweighted pair group mean averages (UPGMA) was used to show the similarity between the sampling stations and the clustering of ostracod species according to binary (presence-absence) data. The Multi-Variate Statistical Package (MVSP), version 3.22, was used to display the clustering of the 13 stations and 25 ostracod species for Jaccard's coefficient test [21] .
The frequency of ostracod species was calculated by using the formula F = Nax100/Nn, where F is the frequency of the species, Na is the sampling number containing the species, and Nn is the total sampling number [22] .
We used Biodiversity Pro software to examine seasonal distributional differences in ostracod species [23] . According to this program, we calculated the Shannon-Weaver diversity index (H') evenness index (J') and Margalef's (D') index for each site over the period.
We used a two-tailed Spearman rank correlation test (with SPSS 21) to examine the relationships between environmental variables (temperature, salinity, pH, dissolved oxygen, and depth), and the abundance of 25 ostracod species collected during the study [24] . Canonical correspondence analysis (CCA) was also used to analyze speciesenvironment relationships in order to identify environmental factors potentially influencing ostracod assemblages [25] . Data were analyzed using the MVSP, version 3.22 [21] .
Results
In this study, 25 ostracod species belonging to 8 families were determined from 13 stations with 52 samples collected over the four seasons with depths varying from 1 to 96 m ( The highest numbers of individuals were observed to be Loxoconcha rhomboidea (358 individuals), X. communis (221 individuals), X. aurantia (192 individuals), and A. convexa (188 individuals) ( Table 2) . Cyprideis torosa (from 2 stations) and Cytheridea neapolitana (from 4 stations) showed the lowest diversity in the study area. Loxoconcha rhomboidea was the dominant species in all the seasons with the highest individual numbers (358)( Figure 2 ). Individual numbers of ostracod species according to season is shown in Figure 2 . 
Water quality
Ecological parameters were seasonally measured in this study. During the study, temperature varied between 7 and 24.3 °C, while salinity varied from 18.45 to 35.81‰, the values of DO and pH ranged from 1.66 to 13.64 mg/L and 7.7 to 8.3, respectively, at the stations (Table 3 ). The determined maximum and minimum values for abiotic variables measured in the biotope of each ostracod species are shown in Table 4 . Abundant and widely distributed ostracod species were observed as being species highly tolerant to various ecological parameters simultaneously (Table 4 ). The Shannon-Weaver diversity index (H') indicates that the highest diversity was determined at sampling station 6 for all the seasons. The lowest Shannon-Weaver values were determined in all seasons at stations 2 and 3. The highest Pielou's index values were calculated at station 4 in February and the lowest at station L-2 in August. Margaleff's index values were the highest at station 2 in February and May, the lowest at station L-1 in August (Table 5) .
According to Jaccard's coefficient similarity dendrogram three clustering groups have been comprised. The First group occurred sampling stations L-1, L-2, L-3, L-4, L-5, and L-6, the second group St. 4, St. 5, St. 6, and St. 7, and the third group St. 2 St. 3. The stations were clustered according to similarities of depths values. According to the Spearman correlation analyses, the Loxoconcha and Paradoxostoma species showed positive correlations with DO and pH and negative correlations with salinity and depth ( Table 6 ). The same relationship was observed with A. convexa, C. carinata, P. acuminata, X. communis, and X. dispar. In contrast, H. rubra, C. batei, C. edwardsii, P. parallia, and U. britannica, which all showed positive correlations with salinity and depth and negative correlations with DO and pH. Like L. rhomboidea and X. communis, A. convexa, which had high individual numbers and was a widely distributed species, positively correlated with DO and pH and negatively with depth and salinity ( Table 6 . Spearman's rank correlation coefficient showing the correlation between the twenty-five ostracod species and five ecological variables. Bold numbers show significant correlations (levels of significance: **P˂0.01, *P˂0.05 (2tailed) Abbreviations are the same as Table 2-3)  Tw  Sal  DO  pH  Depth  SN  IN  Ahis Table 7 . Spearman's rank correlation coefficient showing the correlation between the species numbers and invidual numbers with ecological parameters. Bold numbers show significant correlations (levels of significance: **P˂0.01, *P˂0.05 (2-tailed) Abbreviations are the same as The relationship between the physicochemical variables and species composition in the Gulf of Gemlik is illustrated by the CCA biplot in Figure. 6. The lengths of the arrows on the CCA graph show the strong effect of environmental variables on the distribution of ostracods. The results of the CCA showed that pH and DO have positive effects, similar to the Spearman correlations, on most of the ostracod species, as shown in the diagram ( Figure 6 ). Distribution, diversity, habitat preferences, and interactions with environmental variables of ostracod (Crustacean) species living in Gulf of Gemlik (The Sea of Marmara, Turkey) Ferda PERÇİN-PAÇAL, Selçuk ALTINSAÇLI, Saltuk Buğra ARISAL 3, Hüsamettin BALKIS Figure 6 . CCA showing the relationship between twenty-five species (yellow triangle) and five environmental variables (arrows) in the thirteen sampling sites. For explanation of abbreviations and variables, see Table 2-3 
Conclusions and discussion
According to the results over the four-seasonal period, L. rhomboidea was the most dominant species from the 13 sampling stations at the Gulf of Gemlik with the highest number of inidividuals (358) and frequency of 84.6%. Xestoleberis communis, X. aurantia, and A. convexa were other dominant species, at a frequency of 84.6% (see Figure  2) .
Loxoconcha rhomboidea is a very common species found in Turkish coastal waters (the Mediterranean Sea, the Aegean Sea, the Turkish strait system, and the Black Sea) and in sublittoral zones [11] . This species was reported from depths range of about 1 m down to 57 m [15, 18] , from wide ranges of variation of the salinity and in muddy and phytal biotopes [18] of the Mediterranean Sea. In the present study, this species showed positive correlations with DO and pH and negative correlations with salinity and depth, according to the Spearman correlations and CCA (see Table 6 , Figure  6 ). Loxoconcha rhomboidea is a species tolerant of and resistant to changes in environmental conditions [26] , and seems well adapted to the environment of the Gulf of Gemlik.
Xestoleberis communis is another common species in Turkish coastal marine waters [11] . According to observations in Turkish marines, it is able to survive despite a wide range of changes in environmental conditions [27, 28] . This species has been identified as a dominant species and is widely distributed in the Mediterranean Sea [15, 29, 30, 31] , as well as in the Adriatic Sea, with sandy-bottom substrata and at depths of 27-80 m [16, 18] . In this study, it showed positive correlations with DO and pH and negative correlations with salinity and depth, according to the Spearman correlations and CCA, similar to L. rhomboidea (see Table 6 , Figure 6 ). Opportunistic ostracod species X. communis was reported from as a dominant species in the polluted waters in the Nador Lagoon (Morocco) together with to other ostracod species members of Loxoconchidae family [31, 32] .
Xestoleberis aurantia is a species widespread in the Sea of Marmara [11] . Although, until now, there has been no record of it in the Dardanelles strait, it has been recorded in the Black Sea, the Aegean, and the Mediterranean, as well as on the coastlines of Turkish marine environments [11] . Xestoleberis aurantia has been identified as being a euryhaline species in northeast England [33] and, while known as a marine brackish littoral species, it has also been reported in freshwater and oligohaline shallow-water environments [34] . It showed a positive correlation with DO and a negative correlation with pH according to the Spearman correlations and CCA in this study, with a frequency across the sampling stations of 84.6% (see Table 2 , Table 6 , Figure 6 ).
Aurila convexa is common and widely distributed in the littoral and sublittoral zones of most Turkish coastlines and lagoonal waters [11] . It is known to be a cosmopolitan Mediterranean species [16] , is also common in the Sea of Marmara, and has been recorded in northern parts of the Aegean Sea [18] , as well as in the Black Sea in brackish water systems since it is a polyhaline species [14] . We observed that a frequency of this species at the sampling stations of 84.6%, and it showed positive correlations with DO and pH and negative correlations with salinity and depth, according to the Spearman correlations and CCA (see Table 2 & 6, Figure 6 ). Most of the species showed positive correlations with DO and pH and negative correlations with salinity and depth (Table 7, Figure 6 .), while five species (H. rubra, C. batei, C. edwardsii, P. parallia, and U. britannica) showed positive correlations with salinity and depth and negative correlations with DO and pH, according to the Spearman correlations and CCA ( Table 7) . The latter's frequency at the sampling stations was between 38.5% and 53.9%, with individual numbers and diversity lower than other species (Table 2) . Cytheridea neapolitana, C. elongate, C. diffusa, A. speyeri, and C. torosa did not show significant correlations with any of the ecological parameters ( Table 6 , Fig 6) . The frequency of these species was between 15.4% and 38.5%, and their individual numbers and diversity were also lower than other species (Table 2 ).
It has generally been observed that DO significantly decreases at depth. Previous studies have measured DO decrease at depth in the Bandırma and Erdek gulfs [27, 28] , similar to the Gulf of Gemlik. It is well known that DO values of surface waters are higher than deep waters due to photosynthetic activities and wave actions; in contrast, at depth, with excessive bacterial and animal activity, the numbers of phytoplankton increase and higher organic loads in eutrophic systems lead to a decrease in DO levels [35] . When the DO level falls below 5 mg/L, oxygen-sensitive invertebrate and fish species are negatively affected [36] . Although the measured average values of DO were generally appropriate for the survival of the species in this study, levels decreased to less than 5 mg L-1 at St. 2 and St. 3 at points during the seasons (see Table 3 ). Results of this study show that some ostracod species were negatively affected from the lack of DO (see Table 4&6 ).
Discharges of industrial and domestic waste into the Gölayağı and Karsak creeks negatively affect the water quality of the Gulf of Gemlik [37] . According to Integrated Coastal Area Plan of Bursa Province, (2015) [37] while the Sea of Marmara is less polluted, the Gulf of Bandırma and the Gulf of Gemlik are at a mid-level stage of pollution; yet, both gulfs have been found to be prone to intense pollution. In 2008, an environmental problem occurred as a result of the formation of mucilage from the proliferation of diatoms together with bacteria throughout the Sea of Marmara. Previous studies have reported that living organisms and the water quality of the Sea of Marmara are affected by longstanding pollution [38] . To date, 210 benthic ostracod species have been determined from the Sea of Marmara [39] . When we compare the ostracod species numbers in the Gulf of Gemlik (25 species) with other gulfs in the Sea of Marmara, we see a very low ostracod density: Bandırma gulf, 75 species; Erdek gulf, 92 species [27, 28] . The absence of most taxa, and the almost total dominance in the Gulf of Gemlik of tolerant ones (especially L. rhomboidea and X. communis), shows that the general effect of pollution on ostracods is the decreasing of abundance and diversity. Some taxa are more sensitive to pollution, with the subsequent changes in ecological parameters, than others, thereby strengthening the role of ostracods as indicators and biomonitors of environmental hazards and anthropogenic pollution [40] . Indeed, supporting our findings, several authors have mentioned that Loxochonca spp. and X. communis can be environmental indicator species in polluted environments [41, 42] . As can be inferred from the results of the current study, the low number of species and individuals together with low DO levels determined at some of the stations show that pollution is the reason for negative changes in the quality of water in the Gulf of Gemlik. These polluted environments allow for the progress of cosmopolitan species with wide ecological tolerance through the elimination of low-tolerance species. The existence of environmentally tolerant species L. rhomboidea [26] , X. communis [31, 32] , X. aurantia [26] , and A. convexa [26] and the increases in the number of ostracod-tolerant species support our findings. Although the results of this study have not been thoroughly evaluated in terms of pollutants on the surface waters, these results show that the coastline ecosystem of the Gulf of Gemlik should be periodically monitored due to extant pollutants.
